Fire Fighter Suffers Sudden Cardiac Death during Physical Fitness Training-North Carolina

SUMMARY
On December 1, 2006, a 44-year-old male career Fire Fighter (FF) was participating in physical fitness training in preparation for the Fire Department's annual physical fitness examination and the job-related physical agility test (JRPAT). After running (sprinting) for about 15 minutes he collapsed. A passerby alerted the fire fighters in the fire station. Crew members found the FF unresponsive, not breathing, and without a pulse (1748 hours). Dispatch was notified, cardiopulmonary resuscitation (CPR) and advanced life support were begun, and the FF was transported to the hospital's Emergency Department. Inside the Emergency Department, advanced life support treatment continued with no improvement in the FF's condition. The attending physician pronounced the FF dead at 1819 hours and resuscitation efforts were discontinued. The death certificate and autopsy (completed by the Medical Examiner) listed "hypertrophic obstructive cardiomyopathy" as the cause of death.
NIOSH investigators offer the following recommendations to address general safety and health issues. However, it is unclear if any of these recommendations could have prevented the FF's sudden death.
• • Fire fighters should be medically cleared prior to participating in the Fire Department's physical fitness examination and the job-related physical agility test, specifically, by taking the aerobic capacity (treadmill) test.
• Provide fire fighters with medical evaluations and clearance to wear selfcontained breathing apparatus (SCBAs).
The Fire Fighter Fatality Investigation and Prevention
Program is conducted by the National Institute for Occupational Safety and Health (NIOSH). The purpose of the program is to determine factors that cause or contribute to fire fighter deaths suffered in the line of duty. Identification of causal and contributing factors enable researchers and safety specialists to develop strategies for preventing future similar incidents. During the investigation, NIOSH personnel interviewed the following people:
• Fire Chief 
INVESTIGATIVE RESULTS
On December 1, 2006, the FF arrived at his fire station (Station 23) for duty at 0745 hours; his shift began at 0800 hours. From 0800 hours to 0900 hours, the FF and his crew members cleaned the fire station and checked the apparatus and equipment. At 1021 hours, Engine 23 (including the FF) was dispatched to a medical call at a nursing home facility. The FF carried the medical equipment bag into the facility and assisted with patient care by taking vital signs of a facility resident. At 1037 hours, Engine 23 was released and returned to the fire station. Paramedics found the FF unresponsive, not breathing, and without a pulse. CPR was begun while the AED was being attached. A shockable heart rhythm was read and a defibrillation "shock" was delivered. The AED did not advise to shock again and CPR continued. An oral airway was placed and oxygen was delivered via bag-valve-mask. Medic 24 was driven to the front of the station as the FF was placed onto a backboard/cot and placed into the Medic unit. CPR continued as an intravenous (IV) line was placed and cardiac resuscitation medications were given. The AED advised to shock again and a second defibrillation shock was delivered. Intubation (breathing tube inserted into the trachea) was attempted twice, but placement was unsuccessful. This was followed by the attempted placement of a laryngeal mask airway, but this was also unsuccessful. A cardiac monitor was attached, revealing ventricular fibrillation, and a manual shock was delivered. Medic 24 departed the scene at 1754 hours en route to the hospital's Emergency Department, and arrived 11 minutes later (1805 hours).
Inside the Emergency Department, advanced life support treatment continued, including intubation, an additional IV, and cardiac resuscitation medications. Cardiac monitoring revealed ventricular fibrillation multiple times, and numerous shocks (4-5) were administered. Despite these resuscitation measures, the FF's condition did not improve. At 1819 hours, the attending physician pronounced the FF dead, and resuscitation measures were discontinued. • Recent fibrous scar tissue formation along the anterior lateral free wall of the left ventricle resulting in mottling and hemorrhage
• Minimal atherosclerosis in the coronary arteries
• No evidence of a thrombus (blood clot) in the coronary arteries
• Normal cardiac valves
• No evidence of a pulmonary embolus (blood clot in the lung arteries)
• Negative drug tests
Microscopic examination of the heart revealed "extensive transmural scarring with loss of myocytes, hypertrophic changes of the residual myocytes, and focal myocyte disarray." • pass a written general knowledge test,
DESCRIPTION OF THE FIRE DEPARTMENT
• pass a candidate physical ability test (CPAT), • pass a background interview,
• pass a polygraph and background check,
• pass a panel interview,
• pass a pre-placement medical evaluation, and • pass a drug screen.
The successful applicant is placed in a hiring pool and hired when an opening occurs. New hires are placed into the 21-week Recruit School. The successful graduate is trained to the NFPA FF-I and Emergency Medical Technician (EMT) level, is assigned to a fire company, and placed on probation for 12 months. The new fire fighter continues training for the next 3 years to achieve the NFPA FF-II • Pick up a high-rise pack at the base of the stairwell (100-foot section of 1¾ inch hose formed into a "soft pack"). While carrying the high-rise pack, climb the stairs to the 4 th floor of the tower. Drop the high-rise pack in the breezeway. Begin breathing air from the SCBA (remain on air for the remainder of the test).
• Enter into the 4 th floor room off the breezeway. Advance to the nozzle end of the charged hose section (50-feet of 1¾-inch hose filled with water and capped off at both ends). Crawl through the 25-foot L-shaped course while dragging the charged hose section. When reaching the end of the course, pull the remainder of the hose section across the event finish line while remaining on at least one knee. Go to the ground floor and exit the tower.
• Climb a fixed pre-positioned ladder to the 2 nd floor window of the tower. Enter through the window into the breezeway.
• Advance to the forcible entry simulator (Keiser machine) and move the I-beam the entire length of the sled.
Failure to achieve a passing time (10 minutes or less) on the job-related physical agility test will result in the following actions:
• Immediate removal from operations duty assignment.
• A medical examination and medical clearance for duty determination. If the fire fighter is not medically cleared, the situation is handled as a medical fitnessfor-duty issue.
• If the fire fighter is medically cleared, they are assigned to the Training Academy, under the supervision of the Chief of Training, for up to 90 days. During this period, the fire fighter will participate in an exercise regimen prescribed by the Physical Fitness Coordinator. The fire fighter may choose to take the job-related physical agility test at any time during the 90 days to return to full duty (if a passing time is achieved). After failure to successfully pass the job-related physical agility test within the initial 45 days, a meeting with the Fire Chief is scheduled.
• If the fire fighter is unable to pass the job-related physical agility test within 90 days, disciplinary action up to and including termination is possible.
DISCUSSION
Cardiomyopathies constitute a group of diseases involving damage to the heart muscle; damage not due to hypertension, ischemia (coronary artery), or valvular conditions. 8 There are three types of cardiomyopathy based on functional impairment:
• Dilated, the most common form, accounts for 60% of all CMs This FF was diagnosed with HCM at autopsy based on the location of his marked left ventricular hypertrophy, and the characteristic microscopic findings of myocyte disarray and focal scarification. 9 Hypertrophic Cardiomyopathy (HCM). Idiopathic HCM is a relatively rare heart condition, affecting approximately 0.2% of the population. 10 Diagnosis is typically made by echocardiogram which shows the subaortic obstruction, and EKG findings of left ventricular hypertrophy by voltage. The majority of patients are asymptomatic, and sudden cardiac death is often the first clinical manifestation. 11 Risk factors for sudden death among idiopathic HCM patients include young age (<30 years old) at diagnosis, a family history of idiopathic HCM with sudden death, an abnormal blood pressure response to exercise, severe symptoms, non-sustained ventricular tachycardia, marked hypertrophy, marked left atrial dilatation, and genetic abnormalities associated with increased prevalence of sudden death. [10] [11] [12] Approximately half of the idiopathic HCM cases are transmitted genetically, typically as an autosomal dominant trait. Because of this, medical evaluation of first-degree relatives is warranted to determine whether screening tests (e.g., echocardiogram) are appropriate.
The FF was asymptomatic, and prior medical evaluations did not detect any cardiac abnormality (e.g., a heart murmur). The FF never had an EKG, either with the fire department or by his personal physician. The FF did not have any risk factors associated with sudden death among HCM patients.
The FF was running in wind sprints, which is considered a heavy level of physical exertion. 13, 14 The NIOSH investigator concludes that the FF had a fatal cardiac arrhythmia associated with his hypertrophic obstructive cardiomyopathy. The heavy exertion associated with the wind sprints probably triggered his sudden cardiac death. During physical fitness examination tests, fire fighters are required to measure their aerobic capacity on a treadmill. When on the treadmill, fire fighters can exercise to the point of maximum heart rates and metabolic work of up to 15 metabolic equivalents of task (METs). This level of physical exertion can trigger heart attacks in susceptible individuals. [17] [18] [19] [20] Therefore, we recommend fire fighters receive medical clearance prior to participating in the physical fitness examination. 
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